A novel coplanar waveguide-fed (CPW) ultrawideband (UWB) antenna with band-stop function is presented in this paper. The proposed antenna comprises a CPW-fed slot rectangular patch with an open stub ground plane, and two inverted L-shaped strip conductors are fabricated on the back plane. The overall size of the antenna is 25 × 25 × 1.6 mm 2 , and it achieves good impedance matching and radiation gain. Simulated and measured results show that the designed antenna operates at 2.9 GHz-13.08 GHz with band rejection in the frequency band of 7.7 GHz-9.05 GHz for satellite applications, and the proposed antenna is suitable for UWB wireless communication applications.
Introduction
The Federal Communications Commission (FCC) [1] has allocated the spectrum from 3.1 to 10.6 GHz for UWB communication applications in 2002. The UWB communication has attracted much attention owing to their advantages such as high-speed data transfer and low power consumption. As a key part of the communication systems, the UWB antennas have also attracted much attention in industry and academia.
The microstrip UWB antennas have been designed and studied in the past few years. Some different geometries antennas with wide bandwidth have been reported in [2] [3] [4] [5] [6] . In [2] , a monopole antenna with two parasitic elements and partial ground plane is designed and fabricated at 3.5 GHz-20 GHz on 30 × 35 mm 2 substrate. In [3] , the dimensions of the rectangular ground planes and the split-ring loops are tuned for achieving a very wide bandwidth antenna from 2 GHz to 20 GHz. In [4] , a miniature crescent-shaped UWB antenna is studied at 3.4 GHz-20 GHz with only 17 × 18 × 1.575 mm 3 . Antenna features a coplanar waveguide single strip terminated with a semielliptic stub and a modified ground plane to achieve bandwidth from 2.85 GHz to 20 GHz with 22.85 × 21.42 mm 2 is presented in [5] . CPW-fed UWB slot antenna is designed which operates at 3 GHz-20 GHz, and its dimension is 63.53 × 45 mm 2 in [6] . From [1] [2] [3] [4] [5] [6] , the CPW technology is used, and it reaches 17-18 GHz bandwidth and relatively compact size. Some different geometries antennas with narrow bandwidth are presented in [7] [8] [9] [10] [11] [12] . In [7] , a CPW-fed compact UWB microstrip antenna with inverted L-shaped technique is presented, which operates at 2.6 GHz−13.04 GHz, and its dimension is 25 × 25 × 1.6 mm 3 . A planar UWB antenna with a band-notch characteristic is obtained from 3 GHz to 13 GHz on 28 × 30 mm 2 in [8] . In [9] it has a dimension of 30 × 27 × 1.6 mm 3 and operates at frequencies of 2.7 GHz-12 GHz with modified slotted ground plane. In [10] , the UWB antenna has a big size of 88 × 97 mm 2 and operates at frequencies of 3 GHz-10 GHz with full ground plane. In [11] it has a dimension of only 20 × 20 mm 2 and operates from 3.04 GHz to 10.87 GHz by using a coupled rotated C-shaped strip around the inverted T-shaped conductor backed plane. In [12] , the UWB slot antenna is presented at 3 GHz-11.2 GHz on 22 × 24 mm 2 substrate. In this paper, a novel CPW-fed UWB antenna with bandstop function is presented. The proposed antenna consists of a CPW-fed slot rectangular patch with an open stub ground [13] and two inverted L-shaped strip conductors in the back side plane. Half of ground plane with open stub and a slot rectangular patch are fabricated on the top of the substrate. The other half of ground plane and two inverted L-shaped strip conductors are fabricated on the bottom of the substrate. Simulated and measured results show that this antenna operates at 2.9 GHz-13.08 GHz with a band rejection performance in the frequency band of 7.7-9.05 GHz. The antenna has a relatively small size of 25 × 25 × 1.6 mm 3 . 
Antenna Design and Analysis
The geometry of the proposed antenna is shown in Figure 1 . A CPW fed with slot rectangular patch is implemented. Half of the ground plane with open stub is fabricated on the top of the substrate. The other half of the ground plane with two inverted L-shaped strip conductors is fabricated on backed plane. The CPW feeding line is designed for 50 Ω independence. The proposed antenna is designed and fabricated on a 1.6 mm thick FR-4 substrate with permittivity consisting of 4.4 and a loss tangent of 0.024. The geometric dimensions of the proposed antenna are summarized in Table 1 . The traditional antennas without slot rectangular patch or without open stub ground plane are presented in Figure 2 . To further illustrate the advantage of the proposed antenna with slot rectangular patch and open stub ground plane, the comparisons of return losses and VSWR of the three kinds of antennas are shown in Figures 3 and 4 , respectively. Worse matching condition in the UWB band, especially the upper band, is the main problem of the conventional rectangular patch antenna without open stub plane ground. The conventional rectangular patch antenna without slot has relatively good matching condition; however, the resonant mode of this kind of antenna in the upper band is not clear. A very well matching condition over the UWB band for the proposed antenna is obvious; moreover, the band injection in the frequency band of 7.7-9.05 GHz is achieved.
In Figure 5 , the simulated results of the proposed antenna with the width of slot changing from 0. the antenna has better matching condition, especially in the resonant frequency.
Through the above analysis and computer simulation with HFSS, the optimum width of slot is 0.2 mm ( = 2 − 1 , 2 = 2.0 mm and 1 = 1.8 mm). Figure 6 presents the simulated results of the proposed antenna with the length of open stub 3 changing from 5.5 mm to 6.5 mm. It is obvious that when the length 3 increases, the lower band becomes much flatter and the upper band becomes much steeper, especially for the high resonant frequencies. So, the optimum length of stub 3 is chosen as 5.5 mm. Figure 7 presents the simulated results of the proposed antenna with the width of the open stub 3 changing from 1 mm to 2 mm. From Figure 7 , it is clear that when the width of 3 increases, the matching performance of the upper band of the antenna has distinctly improved. Therefore, the optimum width of open stub 3 is chosen as 1 mm.
The 3D far-field radiation patterns of the proposed UWB antenna at specific frequencies using CST software are shown in Figure 8 . From Figure 8 , it is obvious that the proposed UWB antenna has acceptable quasi-omnidirectional radiation patterns to receive external signals from all directions.
Results and Discussion
The Agilent vector network analyzer has been used to measure the return losses, VSWR, and radiation gain of the proposed antenna. Figure 9 is the measured and simulated results of return losses of the proposed antenna. It is clear that the measured and simulated results show that the designed antenna operates at 2.9 GHz-13.08 GHz with band rejection performance in the frequency band of 7.7 GHz-9.05 GHz, and a good agreement between the measured and simulated results is observed.
In Figure 10 , the measured and simulated VSWR for the proposed antenna have been described. From Figure 10 , we can see that the VSWR of the operating frequencies band for the proposed antenna is less than 2 and the VSWR of band rejection for the proposed UWB antenna is more than 2. Figure 11 presents the simulated and measured radiation gain of the proposed antenna. A relatively high radiation gain has been obtained from 2.9 GHz to 13.08 GHz. It can be seen in Figure 11 that the antenna has a sharp radiation gain decrease at the notch frequency band of 9.0 GHz and the radiation gain outside of the notch frequency band is unaffected. Figure 12 shows the measured radiation patterns including the copolarization and cross-polarization in E-plane and H-plane at specific frequencies. It can been seen that the proposed UWB antenna has good omnidirectional radiation patterns at 3.17 GHz, 7.32 GHz, 9.97 GHz, and 12.16 GHz, respectively.
At last, this antenna is compared with some different UWB antennas to exhibit the advantages of slot patch and open stub ground. The detailed figure of merit parameters are summarized in Table 2 . The radiation gain of the proposed antenna is from −1.82 dBi to 8.7 dBi in the UWB frequency band. Moreover, the size of proposed antenna is 25 × 25 × 1.6 mm 3 , and it is relatively small. So, it is obvious that the proposed UWB antenna has advantages on the radiation gain and size more than those of the other reported works.
Conclusion
In this paper, we present a novel CPW-fed UWB antenna with band-stop function. Some key parameters have been investigated. Improved performances of the proposed antenna have been obtained by using slot patch, open stub ground, and two L-shaped strip conductors in ground plane. The simulated and measured results indicate that the proposed antenna offers an operating bandwidth of 2.9−13.08 GHz with band rejection of 7.7-9.05 GHz. Meanwhile, fidelity evaluated that the antenna exhibits an impressive radiation response, which 
